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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a poten-
tially fatal disease." Re-bleeding can be prevented by open
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Abstract

Objective: The aim of this study was to examine the predictive value of the
multiplication of neutrophil and monocyte counts (MNM) in peripheral blood,
and develop a new predictive model for the prognosis of patients with aneurys-
mal subarachnoid hemorrhage (aSAH). Methods: This is a retrospective analy-
sis that included 2 separate cohorts of patients undergoing endovascular coiling
for aSAH. The training cohort consisted of 687 patients in the First Affiliated
Hospital of Shantou University Medical College; the validation cohort consisted
of 299 patients from Sun Yat-sen University’s Affiliated Jieyang People’s Hospi-
tal. The training cohort was used to develop 2 models to predict unfavorable
prognosis (modified Rankin scale of 3—6 at 3 months): one was based on tradi-
tional factors (e.g., age, modified Fisher grade, NIHSS score, and blood glu-
cose), and another model that included traditional factors as well as MNM on
admission. Results: In the training cohort, MNM upon admission was indepen-
dently associated with unfavorable prognosis (odds ratio after adjustment, 1.06;
95% confidence interval [CI], 1.03-1.10). In the validation cohort, the basic
model that included only traditional factors had 70.99% sensitivity, 84.36%
specificity, and 0.859 (95% CI, 0.817-0.901) area under the receiver operating
characteristic curve (AUC). Adding MNM increased model sensitivity (from
70.99% to 76.48%), specificity (from 84.36% to 88.63%), and overall perfor-
mance (AUC 0.859 [95% CI, 0.817-0.901] to 0.879 [95% CI, 0.841-0.917]).
Interpretation: MNM upon admission is associated with unfavorable prognosis
in patients undergoing endovascular embolization for aSAH. The nomogram
including MNM is a user-friendly tool to help clinicians quickly predict the
outcome of patients with aSAH.

surgical clipping or endovascular embolization, but at
least one-third of patients do not survive, and at least
20% of survivors never achieve functional independence.?
Growing evidence shows that inflammation can influence
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outcomes in patients with aSAH,” as well as intracerebral
hemorrhage and ischemic stroke.*> In aSAH, inflamma-
tory damage is a critical contributor to cerebral vaso-
spasm (CVS) and delayed cerebral ischemia.® This
indicates that inflammation plays an important role in
the development of aSAH and affects the prognosis of
patients.”

Currently, reported inflammatory indicators of out-
comes after aSAH include leukocyte count,” ' monocyte
count,'>" neutrophil-to-lymphocyte ratio (NLR),"'*'
monocyte-to-lymphocyte ratio (MLR),'®'” and C-reactive
protein.'"®? The NLR and MLR reflect the balance of
change between innate and adaptive immunity and offer
a simple indicator of immune status and inflammation
level. aSAH patients with poor prognoses have elevated
neutrophils, monocytes, and decreased lymphocytes. As
an inexpensive and readily available biomarker, NLR and
MLR recently have been suggested to predict prognosis in
various diseases. Similarly, the MNM as a composite indi-
cator of inflammation theoretically should be associated
with the development and prognosis of patients with
aSAH.

However, only a few studies have also shown that ele-
vated MNM is associated with prognosis, and has
involved either epithelial ovarian cancer or detection of
early cervical cancer,”™' and the value of MNM has not
been explored in the field of neuroscience. After aSAH,
both clinical and animal experimental studies have associ-
ated elevated neutrophil and monocyte counts with poor
prognosis.'>** Theoretically, as an inflammatory indica-
tor, MNM is the product of elevated neutrophils and
monocytes and should amplify the prognostic capability
of both elevations. Therefore, we conducted a retrospec-
tive analysis to examine the potential relationship between
MNM in the early course of aSAH and patient prognosis.

Patients and Methods

Patient population

This study consisted of 2 independent cohorts: patients
treated with endovascular coil embolization for spontane-
ous aSAH at the First Affiliated Hospital of Shantou Uni-
versity Medical College from January 1, 2014, to
September 30, 2019 (training cohort) and at Sun Yat-sen
University’s Affiliated Jieyang People’s Hospital from
December 18, 2019, to May 1, 2021 (external validation
cohort). The flow chart of patient selection shows the
inclusion and exclusion criteria for selecting patients with
aSAH for this study (Fig. 1). The study was approved by
the Ethics Committees of both centers (B-2021-244 and
2021097, respectively), and conducted in accordance with
the ethical standards set out in the Declaration of
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Helsinki (as amended in 2013). The diagnosis of aSAH
was established by CT at admission. The diagnosis of the
intracranial aneurysm was established by CT angiography
(CTA), magnetic resonance angiography, or digital sub-
traction angiography (DSA). We usually diagnose hydro-
cephalus by CT. Hydrocephalus is diagnosed when the
temporal horn (TH) diameter is greater than 2 mm along
with the absence of Sylvian and interhemispheric cistern,
and the absence of cerebral sulci or the TH width is
greater than 2 mm and the frontal horn (FH) diameter to
internal diameter (ID) is greater than 0.5 (where the FH
is the largest width of the frontal horns and the ID is the
internal diameter from inner-table to inner-table at this
level). Acute hydrocephalus is usually treated with exter-
nal ventricular drainage, while chronic hydrocephalus is
shunt.”
Patients with other types of vascular malformation were
excluded. All patients with aSAH received standard-of-
care management according to the American Stroke Asso-
ciation guidelines.**

usually treated with a ventriculoperitoneal

Definition of follow-up and outcome

The modified Rankin Scale (mRS) score was used to
assess patients at the 3-month follow-up."” The mRS
scores were as described previously: 0, no symptoms at
all; 1, no obvious functional impairment despite symp-
toms, and the patient was able to perform all daily duties
and activities; 2, mild disability, where the patient was
able to take care of themselves without assistance but
unable to complete all pre-disease activities; 3, moderate
disability, where the patient was able to walk without
assistance; 4, severe disability, where the patient was
unable to walk without assistance and unable to care for
their own physical needs; 5, the patient was bedridden;
and 6, death. An unfavorable prognosis was defined as an
mRS of 3-6. Follow-up of all patients was assessed jointly
by two trained health managers in the clinic, in the hospi-
tal, or via telephone interview. Patient data were entered
simultaneously into the follow-up system available to
clinicians.

Statistical analysis

Statistical analyses were performed using Statistical
Product and Service Solutions (26th version; IBM Cor-
poration, Armonk, New York, USA) and R (version
4.1.0; R Foundation, Vienna, Austria).?**° Continuous
variables are shown as the median and interquartile
range (IQR); categorical variables are shown as count
and percentage.

We further applied a two-piecewise linear regression
model, using a smoothing function, to examine the
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Figure 1. Flow chart of the patient selection process, including inclusion and exclusion criteria. (A) Patients in the training cohort were selected
retrospectively from the First Affiliated Hospital of Shantou University Medical College from January 1, 2014, to September 30, 2019. (B) Patients
in the validation cohort were prospectively selected from Sun Yat-sen University’s Affiliated Jieyang People’s Hospital from December 18, 2019, to

May 1, 2021.

threshold effect of the MNM on unfavorable prognosis.™
This function can intuitively show the change in the
probability of poor prognosis with the change of MNM,
and more directly show the relationship between MNM
and prognosis. The interaction between MNM and rele-
vant factors on unfavorable prognosis was also examined.
A multivariate regression analysis with a forward selection
procedure was conducted to identify independent factors
that were associated with unfavorable prognoses. All
parameters showing a statistical trend (p < 0.1) in univar-
iate analysis were included in a multivariate regression
model to identify parameters that were independently
associated with unfavorable outcomes at 3 months. Also,
commonly used or reported indicators, such as age, sex,
smoking, alcohol consumption, blood pressure, glucose,
and hyperlipidemia, were included in the multivariate
regression analysis. Independent risk factors of unfavor-
able outcomes with the forward selection procedure,
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retaining variables with p < 0.1, were selected for multi-
variate regression analysis. The results of the regression
analysis are shown as odds ratio (OR) and 95% confi-
dence interval (95%CI). Two separate models were used:
one based on already established independent risk factors
(e.g., age, modified Fisher grade, NIHSS score, and blood
glucose), and another that included the already estab-
lished independent risk factors plus MNM. The area
under the ROC curve was used to judge the predictive
value of the models.’ Net reclassification improvement
(NRI) and integrated discrimination improvement (IDI)
were used to compare the predictive power of the two
models. Decision curve analysis (DCA) was performed to
evaluate the clinical value of the models.”>* Finally, a
nomogram was constructed based on the coefficient for
each factor in the regression analysis. The predictive effect
of the nomogram was verified using a graph calibration
method, as previously described.**
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Table 1. Differences between with favorable prognosis group and the unfavorable prognosis group in the development cohort (univariate

analysis).

Unfavorable prognosis Favorable prognosis
Variable Total (n = 687) (n = 264) (n=423) p-value
Gender (male) 265 (38.57%) 103 (39.02%) 162 (38.30%) 0.915
Age 8 (50-65) 60 (52-67) 56 (48-63) <0.001
Smoking 4 (6.40%) 10 (3.79%) 34 (8.04%) 0.031
Alcohol abuse 4 (4.95%) 7 (2.65%) 27 (6.38%) 0.044
Hypertension 270 (39.30%) 117 (44.32%) 153 (36.17%) 0.041
Diabetes 49 (7.13%) 25 (9.47%) 24 (5.67%) 0.084
Dyslipidemia (Yes vs No) 99 (14.41%) 32 (12.1%) 67 (15.8%) 0.216
History of stroke (Yes vs No) 3 (0.44%) 3(1.14%) 0 (0%) 0.056
Level on GCS score <0.001
Mild (13-15 score) 455 (66.23%) 98 (37.12%) 357 (84.40%)
Moderate (9-12 score) 94 (13.68%) 52 (19.70%) 42 (9.93%)
Severe (3-8 score) 138 (20.09%) 114 (43.18%) 24 (5.67%)
Hunt-Hess grade <0.001
| 137 (19.94%) 27 (10.23%) 110 (26.00%)
Il 131 (19.07%) 21 (7.95%) 110 (26.00%)
i 266 (38.72%) 92 (34.85%) 174 (41.13%)
\Y 130 (18.92%) 102 (38.64%) 28 (6.62%)
Vv 3(3.35%) 22 (8.33%) 1(0.24%)
mFS grade <0.001
0 3(0.44%) 3(1.14%) 0 (0%)
| 107 (15.57%) 16 (6.06%) 91 (21.51%)
Il 347 (50.51%) 111 (42.05%) 236 (55.79%)
i 138 (20.09%) 90 (34.09%) 48 (11.35%)
\Y 2 (13.39%) 44 (16.67%) 48 (11.35%)
NIHSS score 2 (0-13) 17.5 (3-36) 1(0-4) <0.001
Cerebral parenchymal hematoma (Yes vs 112 (16.30%) 70 (26.52%) 42 (9.93%) <0.001

No)

Hydrocephalus (Yes vs No) 50 (7.29%) 35 (13.26%) 15 (3.55%) <0.001
Location of aneurysm 0.887
Internal carotid artery 119 (17.32%) 46 (17.42%) 73 (17.26%)
Middle cerebral artery 185 (26.93%) 77 (29.17%) 108 (25.53%)
Former traffic artery 239 (34.79%) 89 (33.71%) 150 (35.46%)
Rear traffic artery 122 (17.76%) 45 (17.05%) 77 (18.20%)
Vertebral artery 4 (2.04%) 5 (1.89%) 9 (2.13%)
Basilar artery 8 (1.16%) 2 (0.76%) 6 (1.42%)
Multiple (Yes vs No) 6 (13.97%) 39 (14.77%) 57 (13.48%) 0.716
Stent implantation (Yes vs No) 2 (13.39%) 33 (9.07%) 59 (13.95%) 0.669
Blood glucose 8. 40 (7.00-10.79) 9.75 (8.07-12.38) 7.80 (6.66-9.40) <0.001
MAP, mmHg 136 (120-153) 133.33 (118.50-149.83) 139.83 (122.67-156.33) 0.002
Serum calcium level 2.27 (2.18-2.36) 2.27 (2.18-2.36) 2.27 (2.17-2.36) 0.947
Leukocyte count 13.84 (10.67-17.01) 15.70 (12.61-20.08) 12.41 (9.64-15.62) <0.001
Neutrophil count 11.61 (8.25-14.64) 13.32 (10.54-17.32) 10.09 (7.62-13.36) <0.001
Lymphocyte count 1.36 (0.91-2.00) 1.38 (0.90-2.32) 1.35(0.92-1.88) 0.148
Monocyte count 0.56 (0.38-0.78) 0.66 (0.44-0.94) 0.51 (0.35-0.70) <0.001
Platelet count 236 (197-275) 242.00 (204.75-275.25) 231.00 (194.00-274.00) 0.046
NLR 8.81 (4.98-14.03) 10.74 (5.75-15.38) 8.16 (4.65-13.04) <0.001
MLR 0.38 (0.26-0.58) 0.43 (0.28-0.66) 0.37 (0.25-0.53) <0.001
PLR 169.52 (115.19-254.10) 167.76 (104.95-261.55) 169.77 (122.63-247.56) 0.594
NWR 0.85 (0.78-0.90) 0.86 (0.80-0.90) 0.85 (0.76-0.89) 0.012
MNM 5.70 (3.25-10.21) 8.19 (4.99-15.02) 4.67 (2.85-8.12) <0.001

GCS, Glasgow Coma Scale; MAP, mean arterial pressure; mFS grade, modified Fisher grade; MLR, monocyte to lymphocyte ratio; MNM, multipli-
cation to neutrophil and monocyte counts; NIHSS, National Institutes of Health Stroke Scale; NLR, neutrophil to lymphocyte ratio; NWR, neutrophil
to leukocyte ratio; PLR, platelet to lymphocyte ratio.

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

1061



A nomogram for predicting prognosis of aSAH

Results

Characteristics of the patients in the
training cohort

A total of 986 patients were included in the final analysis:
687 in the training cohort, and 299 in the validation
cohort. Among the 687 patients in the training cohort,
264 (38.43%) had an unfavorable prognosis (mRS score
of 3 or above at the 3-month follow-up). In comparison
to the patients with favorable prognosis (n = 423),
Patients with unfavorable prognosis were older, more
likely to have a severe or moderate GCS score, higher
NIHSS score, higher Hunt-Hess grade and mFS score,
and higher blood glucose on admission (Table 1).
Patients with unfavorable prognoses also had higher leu-
kocyte count, lymphocyte count, monocyte count, NLR,
MLR, and MNM.

MNM as a risk factor for unfavorable
prognosis

Univariate regression using the training cohort revealed
an association between higher MNM and unfavorable
prognosis (OR, 1.10; 95%CI, 1.07-1.13; Table S1). Also,
higher MNM correlated with higher mRS score (Fig. 2A).
MNM did not interact with any variables, including age,
GCS score, modified Fisher grade, NIHSS score, and
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Hunt-Hess grade in terms of impact on unfavorable
prognosis (Fig. S1). In multivariate regression, higher
MNM remained associated with unfavorable prognosis
after adjustment for other independent risk factors (OR,
1.06; 95% CI, 1.03—1.10; Table 2). There was a non-linear
positive correlation between MNM and the rate of unfa-
vorable prognosis (Fig. 2B). The AUC of the MNM in
predicting unfavorable prognosis was 0.707 (95% CI,
0.668-0.747; Fig. 3A). In contrast, an unfavorable progno-
sis was not predicted by either NLR (AUC = 0.577) or
MLR (AUC = 0.578). Other indicators that predicted
unfavorable prognosis included GCS score, mFS grade,
Hunt-Hess grade, and NIHSS score (Fig. 3B).

Table 2. The multivariate regression analysis for predicting unfavor-
able prognosis.

Variable Odds ratio (95% Cl) p-value

Age 1.04 (1.02, 1.06) <0.001

mFS grade 0.001

o, 1,1 1 [Reference] 1 [Reference]
I, v 2.02 (1.34, 3.04) <0.001
NIHSS score 1.08 (1.06, 1.10) <0.001
Blood glucose 1.09 (1.01, 1.17) 0.026

MNM 1.06 (1.03, 1.10) <0.001

mFS grade, modified Fisher grade; MNM, multiplication to neutrophil
and monocyte counts; NIHSS, National Institutes of Health Stroke
Scale.

_'I-IHIHHMIWIHMI‘IMHJHIIIHH L) I \
I [ I I I
0 10 20 30 40 50 60 70
MNM

Figure 2. MNM level is positively associated with unfavorable prognosis in patients with aSAH. (A) The box diagram indicates that the
distribution of MNM varies with the MRS score in different grades. (B) A non-linear relationship exists between the probability of unfavorable

prognosis and the MNM level after aSAH.
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Figure 3. The area under the ROC curve of each index was compared. (A) ROC curve analysis of MNM, NLR, and MLR for unfavorable prognosis
in the training cohort. (B) ROC curve analysis of other factors, such as mFS grade, GCS score, Hunt-Hess grade, and NIHSS score for unfavorable

prognosis in the training cohort.

Predictive models for unfavorable prognosis

The predictive performance of the 2 models (i.e., with vs.
without MNM) in the training cohort is shown in Table 2.
In comparison to the basic model based on traditional
factors (age, modified Fisher grade, NIHSS score, and
blood glucose), adding MNM into the modeling (full
model) did not significantly increase sensitivity (68.18%
vs. 65.50%), but significantly increased specificity (90.31%
vs. 83.45%) and the overall performance (AUC, 0.844
[95%CI, 0.816-0.878] vs. 0.827 [95%CI, 0.789-0.856])
(Fig. 4A). DCA suggested a net benefit of adding MNM
into the model, with a threshold probability between 10%
and 90% (Fig. 4B). Calibration curves suggested better
agreement between prediction and observation in the full
model than in the basic model (Fig. 4C,D). The corre-
sponding median NRI and IDI values were 0.281 (95%
CI 0.038-0.524; p = 0.005) and 0.030 (95% CI 0.008—
0.051; p = 0.007), respectively (Fig. S2A).

A nomogram built on the full model for unfavorable
prognosis was introduced to facilitate clinical application
(Fig. 5). In the nomogram, the score includes the single
item score (points in the figure), which represents the
single item score corresponding to each variable with dif-
ferent values, and the total points represents combined
the single item score corresponding to all variables. The
total score for each patient corresponds to the probability
of an unfavorable prognosis.

To facilitate the application of the prediction model,
we upgraded the nomogram to a dynamic nomogram
and uploaded it to the shinyapps.io platform https://
dzzhuang.shinyapps.io/outcome/ to predict the prognosis
of aSAH patients. Users can submit the 5 features to the
corresponding text box of the web page for calculation
through the computer or mobile phone (Fig. 6). After
calculating the output of the sample, the results page will
display the probability of a poor prognosis, the 95% con-
fidence interval, and the parameters of the model.

External validation

The demographic and clinical characteristics of the basic
clinical data of the 299 patients in the validation cohort
are presented in Table 3. The basic model based solely on
clinical variables (age, modified Fisher grade, NIHSS
score, and blood glucose) had 70.99% sensitivity, 84.36%
specificity, and 0.859 AUC under the ROC curve. Adding
MNM into the full model improved sensitivity (70.99%
to 76.48%), specificity (84.36% to 88.63%), and overall
performance (AUC 0.859 [95% CI, 0.817-0.901] to 0.879
[95% CI, 0.841-0.917]; Fig 7A). Calibration curves dem-
onstrated good agreement between prediction and obser-
vation (Fig. 7B). The corresponding median NRI and IDI
values were 0.457 (95% CI 0.231-0.682; p < 0.001) and
0.055 (95% CI 0.026-0.084; p < 0.001), respectively
(Fig. S2B). According to the nomogram in Figure 5, each
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Figure 4. Establishment of the prediction model and demonstration of the prediction ability. (A) ROC curve analysis of MNM and basic and full
models for unfavorable prognosis in the training cohort. (B) DCA curve of basic- and full model-predicted unfavorable prognosis. The full model
shows a higher net benefit. (C) Calibration curves of the basic model predicted unfavorable prognosis in the validation cohort. (D) Calibration
curves of the full model predicted unfavorable prognosis in the validation cohort.

patient receives a corresponding score, and the AUC of
the corresponding score for predicting unfavorable prog-
nosis was 0.837 (95% CI, 0.806—0.869; Fig. 7C).

Discussion

Results from the current study revealed an association
between elevated MNM at admission and unfavorable
prognosis in patients with aSAH. In multivariate regres-
sion using the data from the training cohort, unfavorable
prognosis was independently associated with higher

1064

MNM as well as traditional factors, for example, age,
mFS grade, NIHSS score, and blood glucose, that are
already known. Consistent with previous studies,'® older
age was an independent predictor of prognosis (OR, 1.04;
95% CI, 1.02-1.06) in the current study. This suggests
that older patients may have a worse prognosis due to
lower immunity and more complications during hospital-
ization. The mFS grade is a radiologic tool that reflects
the severity of subarachnoid hemorrhage and is known to
be an independent risk factor for CVS.”> The mFS grade
has also been used to predict the outcomes of patients
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factors on outcome variables in the model. The impact (the size of the regression coefficient for each level of each value of factors is assigned
points, then the scores are added to get the total score, which determines the individual event prediction probability.

with aSAH.'”*3¢ In the current study, mFS grade was an
independent predictor of unfavorable prognosis (OR,
2.02; 95% CI, 1.34-3.04; AUC, 0.64), confirming the
study’s validity. The NIHSS score reflects disease severity
based on clinical symptoms, is particularly useful in asses-
sing the severity of the ischemic stroke,”” and is also an
important risk factor for predicting unfavorable prognosis
of aSAH patients.”®* The current findings also confirm a
strong correlation between higher NTHSS scores and unfa-
vorable prognosis of patients with aSAH (OR, 1.08; 95%
CI, 1.06-1.10; AUC, 0.805). Also consistent with previous
studies,"” ** elevated blood glucose was associated with an
unfavorable prognosis in the current study. Notably,
hyperglycemia after the onset of aSAH was correlated
with the original neurological symptoms and prognosis
and may be attributed to metabolic changes caused by
brain injury after aSAH.

Although incorporating MNM into clinical models only
marginally improved the predictive performance of the

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

development and validation cohorts, the DCA curves and
calibration curves still suggested that MNM improved the
accuracy and stability of the predictive models. Therefore,
we cannot deny the value of MNM in prediction models.
The introduction of MNM can always remind clinicians
that inflammatory response plays an important role in
the progression of aSAH patients and paves the way for
subsequent studies. Moreover, MNM adds hematological
indices to the prediction model, which along with basic
clinical information, imaging indices, and clinical scores,
increases the completeness of the model.

Previous literature suggests that NLR and MLR are
associated with poor outcomes,”*'* delayed cerebral
ischemia,” and rebleeding.'” In the present study, the
unfavorable prognosis of patients with aSAH was more
closely associated with increased MNM than with NLR
and MLR. In our study, the AUC for NLR and MLR were
0.577 and 0.578, respectively, which appears to be incon-
sistent with previous studies. However, in the study by
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Feghali et al.,'”> NLR and MLR also performed poorly in
predicting the prognosis of patients with aSAH, with
AUC:s of 0.543 and 0.608 for NLR and MLR, respectively.
Nevertheless, the article suggested that inflammatory indi-
ces that incorporate monocyte counts (e.g., M-NLR and
MLR) are independently associated with poor long-term
functional status and clinically significant vasospasm.
Therefore, our study does not exclude the role of NLR
and MLR in the prognosis of aSAH patients, which was
also not the main purpose of the article.

Local and systemic inflammatory responses have a sub-
stantial influence on the prognosis of patients.** Upon
aSAH, accumulated methemoglobin and heme in the sub-
arachnoid space activate Toll-like receptor 4 to initiate an
inflammatory cascade.'®*>*® Blood in the subarachnoid
space also activates immunoregulatory cells, such as
microglia in the central nervous system.*>*® Immuno-
modulatory cells promote the wupregulation of cell
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adhesion molecules in endothelial cells, thus allowing a
large number of inflammatory cells, such as neutrophils,
monocytes, and macrophages, to infiltrate the subarach-
noid space.*>*”*® Neutrophils, the most common type of
leukocyte in the peripheral circulation, are inflammatory
cells that infiltrate the central nervous system most rap-
idly after peripheral immunization with aSAH.'” In
mouse models of aSAH, it takes only 10 minutes for neu-
trophils to migrate into the central nervous system.*>°
Neutrophil infiltration increases the permeability of inter-
cellular junctions between endothelial cells and facilitates
the entry of other inflammatory cells to the site of
injury.”"** Accumulated neutrophils may also block blood
vessels and restrict blood flow to the brain.”

Monocyte activation is also an early response to tissue
injury. Monocytes are involved in tissue repair and hemo-
stasis during the acute phase and act as antigen-
presenting cells that communicate with the immune

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Table 3. Differences between with favorable prognosis group and the unfavorable prognosis group in the validation cohort (univariate analysis).

Unfavorable prognosis

Favorable prognosis

Variable Total (n = 299) (n=117) (n=182) p-value

Gender (male) 117 (39.13%) 40 (34.18%) 77 (42.31%) 0.200

Age 60 (51-66) 62 (55-68) 58 (49-65) 0.001

Smoking 22 (7.36%) 8 (6.84%) 14 (7.69%) 0.152

Alcohol abuse 22 (7.36%) 7 (5.98%) 15 (8.24%) 0.044

Hypertension 150 (50.17%) 66 (56.41%) 84 (46.15%) 0.107

Diabetes 19 (6.35%) 11 (9.40%) 8 (4.40%) 0.136

Dyslipidemia (Yes vs No) 42 (14.05%) 14 (11.97%) 28 (15.38%) 0.216

History of stroke (Yes vs No) 5(1.67%) 4 (3.42%) 1(0.55%) 0.046

Level on GCS score <0.001

Mild (13-15 score) 143 (47.83%) 24 (20.51%) 119 (65.38%)

Moderate (9-12 score) 72 (24.08%) 25 (21.37%) 47 (25.82%)

Severe (3-8 score) 84 (28.09%) 68 (58.12%) 16 (8.79%)

Hunt-Hess grade <0.001

| 2 (14.05%) 5 (4.27%) 37 (20.33%)

Il 5 (28.43%) 13 (11.11%) 72 (39.56%)

1] 0 (30.10%) 30 (25.64%) 60 (32.97%)

[\ 3(21.07%) 50 (42.74%) 13 (7.14%)

\ 9 (6.35%) 19 (16.24%) 0 (0%)

mFS grade <0.001

0 4 (1.34%) 1 (0.85%) 3 (1.65%)

| 24 (8.03%) 1(0.85%) 23 (12.64%)

Il 44 (14.72%) 8 (6.84%) 36 (19.78%)

1l 81 (27.09%) 62 (52.99%) 19 (10.44%)

\Y 146 (48.83%) 45 (38.46%) 101 (55.49%)

NIHSS score 4 (1-13) 17.5 (3-36) 1(0-4) <0.001

Cerebral parenchymal hematoma (Yes vs 43 (14.38%) 28 (26.52%) 15 (9.93%) <0.001
No)

Hydrocephalus (Yes vs No) 21 (7.02%) 16 (13.26%) 5 (3.55%) <0.001

Location of aneurysm 0.837

Internal carotid artery 1(17.06%) 20 (17.09%) 31 (17.03%)

Middle cerebral artery 0 (26.76%) 34 (29.06%) 46 (25.27%)

Former traffic artery 104 (34.78%) 39 (33.33%) 65 (35.71%)

Rear traffic artery 0 (16.72%) 19 (16.24%) 31 (17.03%)

Vertebral artery 6 (2.06%) 3 (2.56%) 3 (1.65%)

Basilar artery 8 (2.68%) 2 (1.71%) 6 (3.30%)

Multiple (Yes vs No) 2 (14.05%) 17 (14.53%) 25 (13.74%) 0.616

Stent implantation (Yes vs No) 9 (13.04%) 10 (8.55%) 29 (15.93%) 0.627

Blood glucose 8 74 (7.30-10.57) 9.48 (7.60-11.77) 8.32 (7.07-9.85) 0.002

MAP, mmHg 111 (101-124) 115 (105-128) 109 (100-122) 0.019

Serum calcium level 2.17 (2.08-2.24) 2.16 (2.07-2.23) 2.17 (2.09-2.24) 0.250

Leukocyte count 13.50 (10.75-16.63) 15.79 (12.57-18.35) 12.44 (9.69-14.84) <0.001

Neutrophil count 11.08 (7.96-14.01) 13.17 (8.57-16.77) 10.00 (6.12-13.88) <0.001

Lymphocyte count 1.58 (0.98-2.28) 1.58 (1.05-2.48) 1.59 (0.94-2.19) 0.448

Monocyte count 0.64 (0.42-0.89) 0.77 (0.56-1.30) 0.52 (0.38-0.77) <0.001

Platelet count 239.00 (201.00-289.00) 242.00 (212.00-295.00) 235.50 (193.50-287.00) 0.156

NLR 7.49 (3.77-12.06) 8.36 (4.48-13.32) 6.66 (3.38-11.14) 0.032

MLR 0.40 (0.25-0.64) 0.50 (0.30-0.88) 0.35 (0.23-0.50) <0.001

PLR 152.35 (100.45-229.63) 150 (111.66-226.21) 152.41 (98.36-229.14) 0.779

NWR 0.82 (0.73-0.88) 0.83 (0.75-0.88) 0.82 (0.72-0.88) 0.309

MNM 6.72 (3.71-11.15) 10.09 (6.18-17.27) 5.14 (2.93-8.70) <0.001

GCS, Glasgow Coma Scale; MAP, mean arterial pressure; mFS grade, modified Fisher grade; MLR, monocyte to lymphocyte ratio; MNM, multipli-
cation to neutrophil and monocyte counts; NIHSS, National Institutes of Health Stroke Scale; NLR, neutrophil to lymphocyte ratio; NWR, neutrophil
to leukocyte ratio; PLR, platelet to lymphocyte ratio.
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system.'” In a preclinical mouse model, the brain after
aSAH is infiltrated by an increased number of neutro-
phils, as well as monocytes, and shows an early reduction
in non-classical monocytes. Monocytes proliferate rapidly
after an aneurysm, enter brain tissue, and transform into
a pro-inflammatory phenotype during early aSAH.'>>*
The mechanism of how neutrophils and monocytes
induce neuroinflammation is complex. Studies have
shown that aSAH also induces microglial activation.”
Hyperactivated microglia can recruit monocytes to differ-
entiate into brain macrophages by secreting numerous
pro-inflammatory factors (i.e., tumor necrosis factor-
alpha, interleukin-1B, and interleukin-6).”> Finally, the
early activation of microglia and astrocytes causes macro-
phages to be recruited and activated by neutrophils and
monocytes, which cross the blood-brain barrier into the
subarachnoid space during the early stages of aSAH and
activate and maintain local cellular inflammation.”®
Although we have tried to make this study complete
and meaningful, there are still several limitations. First,
patients treated conservatively and craniotomy for aneu-
rysmal clamping were excluded from this study. Conser-
vatively treated patients have a risk of re-rupture and
bleeding of the aneurysm, and there are large differences
in patient management and treatment protocols com-
pared with surgical treatment, which can interfere greatly
with disease progression and prognosis. As for the exclu-
sion of patients with craniotomy for aneurysmal clamp-
ing, the purpose was also for unifying the surgical
approach in order to avoid interference, by other treat-
ment methods, of the surgical approach on prognosis,
although the performance of the prediction model was
not affected by the inclusion of these cases
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(AUC = 0.846,0.814-0.879). However, the number of
cases of craniotomy for aneurysmal clamping was small.
In 35 patients, the probability of poor prognosis and
mortality was much higher than in patients treated endo-
vascularly (73.7% vs 38.43%, and 31.6% vs 10.5%).
Therefore, although the exclusion of this part of the data
is a drawback of this study, it is indeed reasonable. Sec-
ond, as a retrospective study, the results are subject to
selection biases and missing information. The use of two
independent cohorts may help to reduce the bias, but
future prospective multicenter cohort studies are needed
to validate the predictive value of MNM for unfavorable
prognosis. Next, other inflammatory markers, such as C-
reactive protein and interleukin-6, were not included in
this study. Finally, although this study included Hunt—
Hess grade, mFS grade, and GCS score, the World Feder-
ation of Neurosurgical Societies scores, as an important
indicator of aSAH, were missing from our data.

Conclusions

Higher MNM at admission was associated with a 3-
month unfavorable prognosis (mRS of 3 or higher) in
patients with aSAH. The nomogram including MNM is a
user-friendly tool to help clinicians quickly predict the
outcome of patients with aSAH.
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